Abstract: Sulphur mustard (SM) is an incapacitating chemical warfare agent which causes acute and chronic toxicities in different body organs of affected individuals. The aim of this study was to investigate the innate immune status of the Iranian veterans who were exposed to SM around 30 years earlier and had more than 25% disabilities. In this regard, most functional and nonfunctional parameters of innate immunity were evaluated in 35 veterans. Phagocytic activity, nitroblue tetrazolium (NBT) reduction assay and haemolytic complement activity (HCA) in addition to routine haematological parameters, serum protein electrophoresis, complements C3 and C4 levels were studied. Measures of haematological parameters, serum proteins, C3 and C4 were almost within the normal range. Functional experiments such as phagocytic activity, NBT reduction assay and HCA were normal as well. However, serum protein analysis revealed a fair decrease in percentages of a 1 -globulin. Mean values of the parameters of innate immune system of the veterans three decades after SM poisoning were almost within the upper and lower normal limits. Reduced a 1 -globulin -maybe subsequent to a chain of SM-induced genetic disorders -may have been the result of a 1 -antitrypsin deficiency which may result in prevalent respiratory complications among these veterans. As a supplementary study, measurement of serum a 1 -antitrypsin in SM-poisoned veterans could be beneficial. Further studies are required to prove this hypothesis. Further investigations on the evaluation of the acquired immunity parameters as the second line of defence may reveal a better understanding of SM veterans' immune system status.
The use of sulphur mustard (SM) as a blistering chemical warfare agent against troops and even civilians has taken heavy toll of casualties. Large-scale SM bombardment occurred during the 1980s' Iran-Iraq conflict [1] . Yet, mustard gas was reportedly used sporadically in the Syrian civil war [2] . SM causes acute injury to different organs including the skin, eyes, nervous system and respiratory tract. In addition to the acute toxicity, SM causes long-term complications on the respiratory system, eyes, skin, CNS, cardiovascular and haematological systems [3] [4] [5] [6] . However, studies on the toxic effects of SM on the immune system have been less reported. The innate immune system is the most important line of defence against infection of pathogens, and it is crucial to maintain an intact immune apparatus functioning in harmony with the other body organs. Conditions that depress immunity consequently increase the risks of infectious diseases and development of certain cancers [7, 8] .
By now, evaluation of chronic toxic effects of SM has been published when 10, 15, 20 years or anytime in this period was passed after exposure and their results showed aberrations of veterans' immune system as a whole. Such dysfunctions of human defend components may be introduced as leading cause of common complications among veterans [1, 9, 10] . Furthermore, duration after exposure is a key feature that characterizes the effects of time on the integrity of human immune system. In other words, according to mutagenic effects of SM, time effect is so important on the progenitor cell lines producing immune cells [11] . With reference to the common complications of SM poisoning which worsen over time, the hypothesis of immune dysfunction of veterans is critically justified. Therefore, to update public health community of prolonged difficulties among veterans, an investigation on innate immunity being carried out around three decades after exposure is of the utmost importance. Accordingly, this study was conducted to determine delayed toxic effects of SM on some important parameters of innate immunity such as the levels of complement factors (C3 and C4), serum proteins as well as complete blood counts and also to evaluate the function of innate immune system by performing HCA, nitroblue tetrazolium (NBT) and phagocytic assays in SM-intoxicated Iranian veterans.
Methods
According to the medical documents of the Veterans' Foundation, a list of SM-poisoned veterans who were poisoned three decades earlier was made. Our first aim was to evaluate the veterans with at least 40% disability due to the complications of sulphur mustard poisoning. However, due to executive issues, those who practically enrolled the study were 35 male veterans having at least 25% disability. We compared patients' laboratory results with the reference limit of each test, as it was not practically possible to find a suitable and reasonable control group that could be matched with the experimental group in the light of indices such as age and war stress, except for SM exposure. Research was conducted in accordance with the Declaration of Helsinki and guidelines on Good Clinical Practice. After approval of the medical research ethics committee of Mashhad University of Medical Sciences, we commenced the study. Written informed consents, then, were obtained from the recruited patients, and blood samples were taken using the standard procedures. In a supine position, 10 mL of blood samples was taken from left brachial vein of the patients. Fresh blood samples were collected into different sterile tubes. Tubes with anticoagulant K 3 EDTA were used for complete blood cell count (CBC), reticulocyte count and NBT reduction assay. Tubes with anticoagulant sodium heparin were used for phagocytic activity assay. Each tube containing anticoagulant additives was thoroughly mixed by gentle inversion. Tubes containing a polymer gel were applied for serum separation.
Haematological examination. Complete blood cell count assay was performed using a fully automated haematology cell counter (Mindray-BC 5150; USA subsidiary of Shenzhen, China). Haematological parameters including WBC (white blood cell), RBC (red blood cell), Hct (haematocrit), Hb (haemoglobin), Plt (platelet), MCV (mean corpuscular volume), MCH (mean corpuscular haemoglobin) and MCHC (mean corpuscular haemoglobin concentration) were measured. Moreover, blood smear was prepared prior to staining glass slides with Giemsa dye to determine differentiation of the leucocytes and observe blood cells morphology. For the reticulocyte estimate, 100 lL of K 3 EDTA whole blood was mixed with the same amount of brilliant cresyl blue and incubated for 30 min. at 37°C. A smear was prepared and investigated using light microscopy technique. Reticulocytes were counted among 1000 erythrocytes and reported as percentages.
Phagocytic activity assay. The phagocytic capacity (PC) of monocytes and granulocytes in each heparinized whole blood sample was measured using PHAGOTEST TM (Orpegon Pharma, Heidelberg, Germany) kit adhering to the manufacturer's instructions. Quantitative determination of the phagocytic activity was performed by FACSCalibur TM (BD Biosciences, San Jose, California, USA) flow cytometer via the phagocytic uptake of fluorescein-opsonized Escherichia coli bacteria. A minimum of 100,000 events for each case was analysed, and the PC value was expressed as fluorescence intensity per phagocytic cell.
Nitroblue tetrazolium reduction assay. Nitroblue tetrazolium is a rapid assay in which 100 lL of EDTA whole blood was mixed with the same amount of a solution containing NBT dye plus PMA (phorbol myristate acetate) as stimulator and incubated for 30 min. at 37°C. The mixture was then centrifuged for 5 min. at 3000 rpm. A smear was prepared for each patient, and slides were observed under light microscope. At least one hundred neutrophils were looked at for investigation of the percentages of polymorphonuclear leucocytes with precipitated black crystals of formazan.
Determination of total protein and serum protein electrophoresis. Total serum proteins were measured by the colorimetric Biuret method [12] . Electrophoresis, in addition, was carried out using cellulose acetate membranes on an automated system ( Cosmo, Tokyo, Japan) according to the manufacturer's instructions. Briefly, the membranes were preequilibrated in barbital buffer for 20 min. Then, for sampling, 400 lL of sera was loaded onto a sample plate. Electrophoresis was carried out at 10 mA for 20 min. in the barbital buffer. Proteins were fixed with mixture of sulfosalicylic acid and trichloroacetic acid and then stained with Ponceau S staining solution. Peak area quantitation was conducted on a scanner at 525 nm with COSMO software.
Complement determination. Complements C3 and C4 were measured via ELISA 96-well microplates as described by the manufacturer.
Haemolytic complement activity assay. Serum haemolytic complement activity (HCA) which determines activity of the complement classical pathway was performed for each case by making serial dilutions of the patient's serum and incubating with sheep erythrocytes -or SRBCs -sensitized with rabbit anti-sheep erythrocyte IgG antibody. Serial dilutions of sample sera were prepared in gelatin veronal buffer (GVB) (gelatin 0.1%, veronal 5 mM, NaCl 145 mM, NaN 3 0.025%, pH = 7.3), and the dilutions in the assay are shown in table 1. Blank, a tube with no complement (serum), was used to show spontaneous lysis of SRBCs. Control was a tube with serum without dilution. After serum dilution, 500 lL aliquots of sensitized SRBCs in GVB were added. Tubes remained incubated for 60 min. in a 37°C water bath. Afterwards, tubes were investigated for SRBC lysis. The tube with highest dilution giving 100% SRBC lysis was marked, and the haemolytic complement activity of sera was calculated according to the following formula:
Haemolytic complement activity ¼ 100 À dilution% CRP detection assay. Qualitative C-reactive protein (CRP) assay was examined against positive and negative controls. The same amounts of serum and anti-CRP latex-antibody reagent (50 lL) were mixed on a six-cell plate and spread over the surface of the circle. Rotation was performed manually for 2 min. The occurrence of visible agglutination within 2 min. of the immunological reaction was observed by comparing negative control which produces no agglutination.
Results
Parameters of innate immune system on 35 male veteranswho completed the study -around three decades after SM exposure, are shown in tables 2-5.
Haematological tests.
As shown in table 2, all haematological indices of patients were within the normal ranges with no abnormal findings. Mean reticulocyte percentage was also within the normal limit. Immune functional assays related to the innate immune system. Table 3 includes the information obtained from experiments that were applied for evaluation of the function of innate immune system. Phagocytizing capacity of phagocytic cells and their performance to reduce the NBT dye did not show any abnormal changes as compared to their reference limits.
Serum protein electrophoresis and total protein assay. Percentages and concentrations of serum proteins among the patients as well as total protein and albumin/globulin ratio are summarized in table 4. Albumin and a 2 -globulin had levels that did not exceed the upper and lower reference limits as compared to the reference range interval. Moreover, levels of a 1 -globulin showed slightly less than the reference range values.
Complement determination and haemolytic complement activity.
Mean concentrations of serum complement proteins C3 and C4 did not reveal any abnormal data based on their related reference limits (table 5) . Furthermore, analysis of the ability of complement system to lyse target SRBCs revealed that there was no abnormality in the samples taken from the patients.
CRP detection assay.
Results of the CRP assay (CRP qualitative assay) were all negative.
Discussion
Dysfunction of the immune system may result in a wide variety of disorders. Such conditions can occur after exposure to immunotoxic chemicals and lead to immunosuppression which consequently provokes improper response to foreign antigens. Patients with certain immune dysfunction are susceptible to disseminated infectious diseases by agents which are not normally pathogenic. Immune disorders can occur via biochemical and cellular processes [7, 8, 13] . Late toxic effects of SM on different organs have been largely reported in the exposed individuals. There are also many papers illustrating prolonged hazardous effects of SM on the Iranian veterans who were exposed during the 1980s' IranIraq war [5, [14] [15] [16] [17] [18] [19] . For instance, Darchini et al. (2018) studied delayed respiratory complications from SM exposure nearly 25 years after incidence causing disability and determined physical examination, pulmonary function tests and high resolution computed tomography (HRCT). Their findings indicated complications in the respiratory tract with a restrictive pattern in most cases. HRCTs revealed air trapping as common abnormality in half of the cases and bronchiectasis, pulmonary fibrosis and ground-glass attenuation as other disorders with low frequencies [18] . In a review by Darchini and Balali-Mood (2018), the most subjective findings were chronic cough with expectoration and dyspnoea. The objective findings in the delayed phase (around two decades after exposure) of SM respiratory complication were reported as generalized wheezing, crackles, clubbing, decreased lung sounds and cyanosis. They also pointed out that there were other potential effects of delayed SM exposure such as delayed ophthalmologic, dermal, neurological, psychiatric, cardiovascular, urogenital and reproductive complications. However, they pointed out that the development of cancer and immunological effects is currently under investigation [19] . According to the mentioned subjects and with reference to the duration after exposure (three decades after exposure), there has always been a conundrum behind all the long-term toxic effects available in the history of veterans. Based on symptoms observed among the veterans, in addition to the possible mechanism of action of SM, the dysfunction of the immune system may be considered as a probable choice to be solved. Genotoxicity of SM with the main mechanism of DNA cross-linking has been well documented [7, 11] . The bone marrow progenitor cells which are committed to produce the cellular components of innate immunity have the potential of increased rate of proliferation and renewal. This can adversely trigger the formation of a variety of mutations in the SMexposed progenitor cells, which may be inherited by the generated daughter cells. If this was the case, the derived cellular components may contribute to the abnormal function of the immune system. In this regard, several papers have indicated some abnormalities of immune system parameters [20] [21] [22] . For instance, a literature review of 30 papers on paraclinical results in prolonged SM-poisoned victims years after incidence by Razavi et al. (2017) reported positive CRP/rheumatoid factor/antinuclear antibody, decreased T helper cells, natural killer cell deficiency, a reduction in the serum level of IL-6 and IL-8 along with an elevation of serum immunoglobulins [20] . As most long-term effects of SM have been observed in organs which act as the barriers of the human body against foreign threats, the evaluation of the innate immunity status as the most important supporter complex of those barriers is of utmost importance. Therefore, in the current study, to understand whether the immune system has been affected or not and, if so, to discuss a possible relationship between delayed SM complications and immune system status, it was aimed to screen the innate immune function. In addition, fewer investigations have been performed in this regard, and as long-term harmful effects of SM worsen gradually, the necessity of conducting such studies is favoured [14] . Current research, subsequently, focused on some important functional and nonfunctional parameters of innate immunity (as the first-line defence) of the veterans.
Results of non-functional tests were almost within the normal range, and functional experiments were normal as well. Results from the current investigation were compared with laboratory standard reference intervals of each test. This was because it was not practically possible to obtain a suitable and reasonable control group that could be matched with the study group in terms of age and war stress without any exposure to SM. In this regard, there are several studies with controversial results. For instance, in a study performed on healthy veterans 16-20 years after SM exposure, serum levels of IgM, C3, a1, a2 and bglobulins were increased when compared to controls. The same study also showed elevation in the percentages of monocytes [23] . Mohammad Hoseini Akbari et al. (2008) , in their study on 113 Iranian veterans nearly 25 years after exposure, investigated the potential delayed toxic effects of SM on blood leucocytes. They showed that total leucocyte counts and percentage of polymorphonuclear cells were higher in exposed patients [24] . On the other hand, similar to our study, Shaker and colleagues demonstrated the normal level of white blood cells of veterans 10 years after SM exposure [10] . The aforementioned clinical studies used control groups for the interpretation of their results. These studies may suffer some drawbacks. While a specific parameter determined in the veterans groups differs significantly in comparison with the control group, both measures may still settle in the normal range intervals. Hence, a part of our gathered data does not support findings from previous studies in this matter. Therefore, in our study, most of the collected results lie within the reference limits of each test.
Serum protein analysis indicated abnormal quantities in a 1 -globulin levels. Serum a 1 -globulin was lower than the reference limit. Decrease in a 1 -globulin may have been the result of a 1 -antitrypsin (the main component of a 1 -globulins) deficiency. Perhaps followed by a chain of SM-induced genetic disorders, SM toxicity might have been associated with abnormalities in a 1 -antitrypsin expression. The a 1 -antitrypsin shortage itself may have caused more inflammation in vital organs such as the lungs. The a 1 -antitrypsin is a serine protease inhibitor capable of destroying several proteolytic enzymes such as elastase, collagenase and gelatinase secreted from polymorphonuclears. These secreted enzymes are able to adversely injure the lung tissue leading to pathologic damages such as emphysema and COPD, and respiratory complications which are frequently observed among these veterans. Furthermore, it is expected that the inflammation among veterans could increase a 1 -globulin level as this band includes most acute phase reactants synthesized by liver in response to usual function of innate immunity to frequent infections available among the veterans. In contrary, the results of our study show lower amounts of a 1 -globulins. This can highlight the a 1 -antitrypsin shortage in our patients. Of course, further studies are needed to prove this hypothesis. If proved, this flaw may negatively affect the body protection and cause veterans' current disorders such as respiratory tract infections. Therefore, the determination of a 1 -antitrypsin activity in bronchoalveolar lavage or serum from these patients is highly suggested. As a recommendation, taking advantage of a newly recombinant a 1 -antitrypsin spray could improve respiratory complications among the veterans.
Even with reference to the findings of current research, the leading cause of veterans' complications still remains unknown.
Based on our results, mean values of the parameters of innate immune system of the veterans nearly three decades after SM poisoning were fairly within the upper and lower normal limits. Decrease in a 1 -globulin -maybe subsequent to a chain of SMinduced genetic disorders -may have been the result of a 1 -antitrypsin deficiency. As a supplementary study, measurement of serum a 1 -antitrypsin in SM-poisoned veterans could be beneficial. Further studies are required to elucidate this potential association. Moreover, as our findings except for a 1 -globulins were within the normal ranges, evaluation of the parameters regarding acquired immunity as the second line of defence can provide a better understanding of veterans' immune system status.
